Monkeys were immunized with enterotoxin and enterotoxoid by intracutaneous injection or by feeding. Identical schedules were used to compare the effectiveness of the two antigens and the two routes. Enterotoxin administered intracutaneously was the most effective antigen, whereas oral administration of enterotoxoid was least effective. Intracutaneous injection of toxoid and oral feeding of toxin were intermediate and not too dissimilar in effectiveness. Antibody titers and protection persisted for at least 1 year at a relatively high level. Monkeys that had preimmunization hemagglutinins showed an anamnestic response after immunization. The development of protection and the appearance of antibodies subsequent to feeding toxin or toxoid suggest that ingestion of food contaminated by staphylococci or their metabolites may be one cause for the appearance of antitoxin in the serum of supposedly unexposed animals and man.
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In a previous paper (4) we reported that 0.3% formaldehyde decreased the immunochemical activity of staphylococcal enterotoxin B and greatly decreased the lethal activity within the first 48 hr of exposure without significant effect on the emesis-producing properties. We also observed that both toxoid and toxin were immunogenic in rabbits to the same degree. In addition, both antitoxoid and antitoxin protected monkeys equally well against the effect of toxin and, in mice, neutralized the synergistic effect of enterotoxin for the gram-negative lipopolysaccharide endotoxin (5) . In this report we compare the immunogenic effect of toxin and toxoid for monkeys when administered by either the intracutaneous or oral route. Bergdoll (1) reviewed earlier studies on immunization with either culture filtrates treated with Formalin or untreated filtrates taken by mouth. Evidence of protection was obtained but assay was difficult because both purified enterotoxin and serological assay methods were lacking. In his own work Bergdoll used partially purified enterotoxin (20% purity), treated with 0.7% Formalin and adsorbed to aluminum hydroxide, to immunize monkeys. Effectiveness of the immunization scheme was based on the detection of antibodies by gel diffusion and by challenge with enterotoxin.
MATERIALS AND METHODS
Sixty rhesus monkeys (Macaca mulatta) were conditioned in the laboratory for 2 weeks and closely examined for outward signs of disease prior to the experiment. All (2) .
At 3 weeks after completion of immunization, the four groups of monkeys were randomly divided into three subgroups of five animals each and challenged with 25, 125, or 625 pg of purified enterotoxin B per kg of body weight. Large numbers of animals were tested previously with the same enterotoxin preparation and under the same laboratory conditions used in these experiments; the LD5o was determined to be approximately 25 ug/kg (3). Thus, 1, 5, and 25 LD5o doses were chosen for challenge. The challenge dose was given intravenously, and the monkeys were observed 5 hr for emesis and 5 days for death. Survivors were randomly assigned to three groups; at 5, 8, and 11 months after the original challenge, one group of survivors was selected for rechallenge with 625 pg of enterotoxin B per kg of body weight given intravenously. At the time of each challenge the HA antibody titer was established for each animal to determine the persistence of the titer over a long period of time.
RESULTS
During the early stages of immunization, injections of enterotoxin caused emesis and the monkeys showed signs of intoxication. About 35% of the animals vomited after the first two injections. No responses occurred subsequently. The animals that received toxin orally showed a similar response after the first two doses, except that only about 20% of the animals were involved. None of the animals that received toxoid showed any signs of intoxication during immunization. Figure 1 illustrates the development of the HA titers in monkeys during the immunization period prior to challenge. The figures given for each point are mean values for 15 animals. Those animals with some demonstrable titer at the beginning of the experiment were considered separately. HA titers developed most quickly and to the highest level in monkeys injected intracutaneously with unaltered toxin. Maximum titers in these animals were observed on the 56th day and some decrease was noted by the 77th day. Animals injected with toxoid responded more slowly and with lower titers. The response to oral immunization was relatively poor, especially among monkeys given toxoid via stomach tube. The immune response was delayed after feeding either toxin or toxoid; titers were lower and, in fact, attained only a mean value of about 1:120 (range 1:40 to 1:640). The anamnestic response of those monkeys whose sera reacted prior to immunization and who received toxin by injection was unrelated to the preimmunization titer. Fig. 1 ). On the other hand, the anamnestic response of those monkeys fed toxoid appeared to be related to the preimmunization HA titer. The relationship between protection and HA titer can be expressed only in a general way. In the group that did not respond to challenge, those animals immunized with enterotoxin by the intracutaneous route, the titers were relatively high at the time of challenge. They ranged from 1: 20,480 through 1:1,310,720. Those monkeys that were injected with enterotoxoid developed titers ranging from 1:640 to 1:5,120, which were not sufficient to prevent an emetic response to the higher challenge doses but were sufficient to prevent death. Among the animals immunized by the oral route, the titers varied from Protection persisted among these monkeys for at least 1 year. Groups of animals that survived the initial challenge were rechallenged 5, 9, and 11 months later with 25 LD5o (625 Ag/kg of body weight; Table 3 ). At 5 months, 33 % of all animals rechallenged vomited and 11 % succumbed to enterotoxin; after 8 months, 70% showed emesis and 23%. died; at 11 months, 57% vomited and 7% died. At the time of the last exposure, the sera of 5 of the 14 monkeys still agglutinated enterotoxin-sensitized red blood cells at titers ranging from 1: 640 through 1: 328,000. The mean value of antibody titers for the animals tested at this period is shown in Table 4 . DISCUSSION These experiments show that for the monkey, enterotoxin B was a more effective protective (Table 3) ; protection against emesis tapered off gradually but was still at a significant level when the animals were exposed to 625 pg of enterotoxin per kg of body weight, approximately 2,000 times the emetic dose. The protection resulting from the various immunization procedures was paralleled by the appearance of hemagglutinins; the optimal procedure for protection was also optimal for antibody production. It appears that parenteral injection of enterotoxin results in better protection than does injection of toxoid. This is unlike the results we reported previously, which showed no significant difference between toxin and toxoid when injected into rabbits (4). Antitoxin and antitoxoid rabbit antisera were equally protective.
The immunization procedure used here was not optimal. Dosages were small and were administered over a relatively long time interval. This was necessary because of the response of monkeys to the toxin. Enterotoxoid can be administered in much greater doses and, with the use of adjuvants such as aluminum hydroxide, would very likely result in more efficient immunization.
The anamnestic response observed with monkeys that had some antitoxin antibodies in their serum prior to immunization emphasizes the necessity of testing animals prior to use. We have observed that from 4.0 to 50.0% of the monkeys tested prior to exposure show the presence of antibodies. Although titers are generally below 1:80, they may be as high as 1:2,500 in some cases. The experiments in which antibodies were induced by oral administration suggest one way by which animals may become immunized in nature. Minor staphylococcal infections, or even staphylococci found as normal inhabitants of mucous surfaces, may contribute.
The persistence of titers in all groups for at least 1 year after challenge was undoubtedly influenced by the intravenous injection administered for the initial challenge. Whether this explains the similarity in response among the animals in all groups after 11 months can only be conjectured.
We found a 10-fold decrease in immunity after 1 year (Table 4) ; this was not as marked as Bergdoll observed.
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